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Synthesis and spectroscopic data of substrates 1-(allyloxy)-1-vinylcyclohexane (1a) 1 Scheme S1. Synthesis of 1-vinylcyclohexan-1-ol.
Vinyl magnesiumchloride (1.6 M in THF, 39 mmol, 24.4 mL) was added at 0 °C to a solution of cyclohexanone (30 mmol, 3.11 mL) in diethyl ether (60 mL) and the mixture was stirred for 60 minutes at the same temperature. After that reaction was quenched with saturated solution of NH4Cl (30 mL). Phases were separated and aqueous phase was extracted by Et2O (30 mL). Organic phases were combined, dried over MgSO4, filtered and solvents were evaporated in vacuo. a Crude product was purified by column chromatography (silicagel, AcOEt/cyclohexane 1/9). 1-Vinylcyclohexan-1-ol was obtained as a colorless oil (2.6 g, 69%). Spectral data are in agreement with those reported in the literature. 1 Scheme S2. Synthesis of 1-(allyloxy)-1-vinylcyclohexane (1a).
NaH (60% dispersion in mineral oil, 37.4 mmol) was added under argon atmosphere to a solution of 1-vinylcyclohexan-1-ol (20 mmol, 2.52 g) in dry THF (50 mL). The mixture was stirred at reflux for 30 minutes. Then the oil bath was removed, reaction mixture was cooled to ambient temperature and allyl bromide (37.4 mmol, 3.23 mL) was added. Reaction mixture was stirred at reflux overnight. Then, reaction mixture was quenched with saturated solution of NH4Cl (50 mL) and the organic phase was collected. The water phase was extracted by diethyl ether (3 x 50 mL); organic phases were combined and dried over Na2SO4 and filtered. After evaporation of solvents crude product was purified by column chromatography (silicagel, AcOEt/cyclohexane from 2/98 to 5/95). 1a was obtained as a colorless oil (1.3 g, 52%). Solution of oct-1-en-3-ol (92 mmol, 14.1 mL) in dry THF (70 mL) was added dropwise, at ambient temperature to the well stirred suspension of NaH (119 mmol , 4.77 g) in dry THF (30 mL). After the addition was completed, the mixture was stirred at 66 °C for 2h. Then allyl bromide (138 mmol, 12 mL) was added dropwise. The mixture was stirred overnight at reflux. After that, reaction mixture was cooled down to ambient temperature and quenched with methanol (50 mL), then water (100 mL). Resulted mixture was diluted with diethyl ether (250 mL) and organic layer separated, washed with saturated NH4Cl and dried with anhydrous MgSO4 then filtered. The solvents were evaporated in vacuo and residue was distilled under vacuo (94 °C, 55 mbar). 2a was obtained as a colorless oil (11.4 g, 74%). Under argon atmosphere, magnesium chips (240 mmol, 5.84 g) was added to dry THF (60 mL) and the suspension was vigorously stirred. Next, solution of 4-bromobut-1-ene (88 mol, 9.14 mL) in of dry THF (40 mL) was slowly added resulting in an exothermic reaction -the temperature was maintained below boiling point of THF. After 1 h the mixture was cooled to 0 °C and solution of anisaldehyde (80 mmol, 9.91 mL) in dry THF (40 mL) was added dropwise. Reaction mixture was stirred at ambient temperature for 18 hours. Reaction was quenched with saturated NH4Cl (200 mL). Phases were separated, aqueous phase was extracted twice by Et2O (2 x 100 mL). Organic phases were combined and dried with anhydrous Na2SO4. After filtration of solids and removal of solvents crude product was distilled under high vacuum: 6·10 -3 mbar, 92-96 °C. 1-(4-methoxyphenyl)pent-4-en-1-ol was obtained as a colorless oil (12.3 g, 80%). NaH (120 mmol, 5.76 g) was added in portions to the solution of 1-(4-methoxyphenyl)pent-4-en-1-ol (60 mmol, 11.5 g) in THF (200 mL). The reaction mixture was stirred at reflux for 1 hour and then cooled down to ambient temperature. Next, allyl chloride (120 mmol, 9.9 mL) was slowly added. Reaction mixture was stirred at 66 °C for 48 hours. After that, the reaction was quenched with saturated aqueous solution of NH4Cl (200 mL). Organic phase were separated and the aqueous phase was extracted with ethyl acetate (2 x 100 mL). Organic phases were combined and dried with anhydrous MgSO4. After filtration and removal of solvents product was purified by distillation under high vacuum: 6·10 -3 mbar, 86-90 °C. 3a was obtained as a colorless oil (11.7 g, 84%). Tosyl chloride (10.5 mmol, 2.0 g) was added to the solution of diallylamine (10.5 mmol, 1.3 mL) and trimethylamine (10.8 mmol, 1.5 mL) in DCM (35 mL). Reaction mixture was stirred for 2 hours at ambient temperature and then NaHCO3 aqueous solution was added (150 mL). Organic phase was separated, washed with brine (50 mL0 and dried over anhydrous MgSO4. After filtration and removal of solvent crude product was purified by column chromatography (silicagel, AcOEt/cyclohexane 3/17). 4a was obtained as a colorless oil (2.54 g, 96%).
N- (but-3-en-1-yl)-4-methyl-N-(prop-2-en-1-yl) benzene-1-sulfonamide (5a) 4 Scheme S7. Synthesis of N-(but-3-en-1-yl)-4-methyl-N-(prop-2-en-1-yl)benzene-1-sulfonamide (5a). NaH (56.8 mmol, 2.3 g) was slowly added to solution of N-allyltosylamide (37.9 mmol, 8.0 g) in anhydrous DMF (250 mL). Reaction mixture was stirred at 80 °C for 1 hour. Then 4-bromobutene (41.6 mmol, 4.4 mL) was slowly added. Reaction mixture was stirred at 80 °C for 72h. After cooling down to ambient temperature reaction was quenched with saturated NH4Cl aqueous solution (100 mL). Volatilities were removed in vacuo and the residue was dissolved in DCM (100 mL) and washed with 10% LiCl aqueous solution (2 x 100 mL) and brine (50 mL). Organic phase was dried over MgSO4. After filtration and removal of solvent crude product was purified by CombiFlash chromatography (silicagel, AcOEt/cyclohexane 3/17). 5a was collected as a colorless oil (3.9 g, 39% yield).
Spectral data are in agreement with those reported in the literature. 4 
4-(dimethylamino)-N,N-bis(prop-2-en-1-yl)benzamide (6a) Scheme S8. Synthesis of 4-(dimethylamino)-N,N-bis(prop-2-en-1-yl)benzamide (6a).
Solution of 4-(dimethylamino)benzoyl chloride (50 mmol, 9.47 g) in DCM (350 mL) was slowly added (via dropping funnel) to the solution of triethylamine (62.5 mmol, 8.7 mL) and diallylamine (60 mmol, 7.5 mL) in DCM (150 mL), then stirred at ambient temperature for 1 h. Then solvents were removed in vacuo and residue was redissolved in 50 mL of DCM and washed with water (3 x 50 ml). Organic phase was separated and dried with Na2SO4. After filtration and removal of DCM crude 6a was obtained as a pale yellow solid which was crystallized from hexane (broad fraction) giving white crystals with pearl flash (4.6 g, 38%). A solution of 3-fluorobenzoyl chloride (11.1 g, 70 mmol) in DCM (150 mL) was slowly added to a solution of diallylamine (9.6 mL, 77 mmol) and triethylamine (11.7 mL, 84 mmol) in DCM (350 mL). The reaction mixture was stirred for 1 hour at room temperature. The volatiles were removed and the residue was washed with water. The aqueous phase was extracted with DCM. The organic phases were combined and dried over Na2SO4. After removal of solvents, the crude product was purified by column chromatography (silicagel, AcOEt/cyclohexane: 3/17 to 1/1) to give 7a as a slightly yellow oil (13.8 g, 90%). dried over anhydrous MgSO4. After removal of solvents N-tosyl-L-proline was obtained as a white powder (2.3 g, 95%) and used in the next step without further purification. Scheme S11. Synthesis of (2S)-1-(4-methylbenzenesulfonyl)-N,N-bis(prop-2-en-1-yl)pyrrolidine-2-carboxamide(8a).
Thionyl chloride (37.2 mmol, 2.7 mL) was added to the solution of N-tosyl-L-proline (18.6 mmol, 5.01 g) in DCM (50 mL). Reaction mixture was stirred for 48 hours at ambient temperature. Next, the volatiles were evaporated in vacuo and anhydrous DCM (50 mL) was added. The mixture was cooled down to 0 °C and diallylamine (22.3 mmol, 2.79 mL) and trimethylamine (53.4 mmol, 7.42 mL) were added. The reaction mixture was stirred at ambient temperature for 2 hours. After that, the 10% aqueous solution of K2CO3 (50 mL) and DCM (10 mL) were added slowly in portions. Organic phase was separated and washed with aqueous solution of K2CO3 (3 x 20 mL). Organic phase was dried with anhydrous MgSO4, filtered and volatiles were evaporated in vacuo. Crude product was purified by crystallization from n-hexane. 8a was obtained as a white powder (4.3 g, 66%). Spectral data are in agreement with those reported in the literature. 5 2-(1H-indol-3-yl)-2-oxo-N,N-bis(prop-2-en-1-yl)acetamide (9a) 6 Scheme S12. Synthesis of 2-(1H-indol-3-yl)-2-oxo-N,N-bis(prop-2-en-1-yl)acetamide (9a).
Oxalyl chloride (50.7 mmol, 4.29 mL) was added dropwise at 0 °C to the solution of indole (42.3 mmol, 5.0 g) in anhydrous diethyl ether (100 mL). The reaction mixture was stirred at 0 °C for 3 h. Next, solution of diallylamine (127 mmol, 15.9 mL) in dry diethyl ether (100 mL) was added dropwise and the reaction mixture was stirred at ambient temperature overnight. Saturated aqueous solution of NaHCO3 (150 mL) was added and phases were separated. Organic phase was dried with anhydrous MgSO4, filtered and volatiles were removed in vacuo. Crude product was purified with column chromatography (silicagel, AcOEt/cyclohexane 1/9 to 2/8). Obtained yellow solid was purified by recrystallization from cyclohexane/AcOEt (1:1) mixture. 9a was obtained as a white solid (5.44 g, 48%). Spectral data are in agreement with those reported in the literature. 6 10,10-bis(prop-2-en-1-yl)-9,10-dihydroanthracen-9-one (10a) 7 Scheme S13. Synthesis of 2-allyl-2-phenylpent-4-enenitrile (10a).
Anthrone (100 mmol, 19.4 g) and allyl bromide (250 mmol, 22.3 mL) was dissolved in 200 mL of DCM. Then 200 mL of 50% KOH aqueous solution was added slowly. After that benzyltriethylammonium chloride (2.5 mmol, 575 mg) was added. Resulting mixture was stirred vigorously at room temperature for 1 h. After, mixture was filtered (to remove obtained KBr) and two-phase mixture was obtained. Organic phase was collected and aqueous phase was extracted with DCM (100 mL). Combined organic phases were washed with water (2 x 50 mL), dried over anhydrous Na2SO4, filtered and concentrated to form yellow oil. Product was crystallized from 1:1 DCM/n-hexane mixture. 10a was obtained as a white crystalline (17.4 g, 63%)
2-allyl-2-phenylpent-4-enenitrile (11a) 8 Scheme S14. Synthesis of 2-allyl-2-phenylpent-4-enenitrile (11a).
Phenylacetonitrile (76 mmol, 8.9 g) and allyl bromide (228 mmol, 19.7 mL) was dissolved in 150 mL of DCM. 50% NaOH aqueous solution was added, followed by addition of tetra-n-butylammonium bromide (1.52 mmol, 490 mg). Resulting reaction mixture was stirred vigorously at room temperature for 3 h. After that mixture was filtered (to remove obtained NaBr) and two-phase mixture was obtained. Organic phase was collected and aqueous phase was extracted with DCM (50 mL). Combined organic phases were washed with water (3 x 50 mL), dried over anhydrous Na2SO4, filtered and concentrated to form yellow oil. 11a was obtained via vacuum distillation: 125 °C, 6 mbar (13.1 g, 87% Spectral data are in agreement with those reported in the literature. 8
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